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Complete Bouguer and Isostatic Residual
Gravity Maps of the Anadarko Basin,
Wichita Mountains, and Surrounding Areas,
Oklahoma, Kansas, Texas, and Colorado

By S.L. Robbins and G.R. Keller, Jr.’

Abstract

Complete Bouguer and isostatic residual gravity maps of
the Anadarko basin, Wichita Mountains, and surrounding
areas in parts of Oklahoma, Kansas, Texas, and Colorado were
compiled using gravity data from 11,023 stations. The most
prominent features on these maps are gravity highs over the
Amarillo-Wichita and Arbuckle uplifts and the Muenster arch.
These highs are assumed to be caused by Late Proterozoic—
Cambrian high-density gabbroic and volcanic rocks that are
believed to be part of an aulacogen. Other features on the
maps include (1) a north-northeast-trending high that may be
associated with a southern extension of the Midcontinent
gravity high, about one degree of longitude west of the
Nemaha uplift, (2) an arcuate gravity high in the southeastern
corner of the study area that probably represents the southern
margin of the North American continent during the Late
Proterozoic, (3) a very large gravity low associated with the
Arkoma basin and Ouachita Mountains thrust belt, (4) gravity
lows associated with most of the Paleozoic basins in the
region, {5) no apparent gravity expression of the Nemaha
ridge, and (6) broad gravity highs that are probably caused by
dense mafic igneous rocks in the basement. These broad
gravity highs and the fact that the gravity low over the
Anadarko basin is higher over the deepest part of the basin
than in other parts of the basin indicate that many, if not most,
of the anomalies are caused by differences in basement rock
types and densities.

INTRODUCTION

This report includes two gravity maps of the Ana-
darko basin, Wichita Mountains, and surrounding areas

Manuscript approved for publication April 23, 1990,

'University of Texas at El Paso, Department of Geological
Sciences, El Paso, Texas 79968.

(plates 1 and 2) in parts of Oklahoma, Colorado, Kansas,
and Texas. Plate 1 is a black-line complete Bouguer
anomaly gravity map showing station locations, cultural
features, and basement structures. Plate 2 is an isostatic
residual anomaly gravity map in color of the same area. The
map area (fig. 1) is between lat 33° and 39° 30" N., and long
95° and 103° W.

These gravity maps were compiled as part of the
Anadarko Basin Project, an element of the U.S. Geological
Survey Evolution of Sedimentary Basins Program. The map
area is much larger than the basin area in order that regional
gravity signatures which may have been affected by the
evolution of this basin can be evaluated. A map (fig. 2)
showing basement rock types (as determined from both
surface outcrops and borehole penetrations) is presented for
comparison with the gravity signatures.

The Anadarko basin is one of the major sedimentary
basins of North America in terms of both its lateral extent
and depth. It is part of a complex set of structural features
that formed in the southern Midcontinent area as a result of
early Paleozoic rifting and subsequent late Paleozoic plate
convergence. This set of features extends from northeastern
Texas into Colorado (Larson and others, 1985).

Although the Anadarko basin has been studied
intensively owing to the long history of oil and gas
exploration in the area, relatively few geophysical studies
have been published. Deep seismic studies are limited to a
long refraction line across Oklahoma interpreted by Mitch-
ell and Landisman (1970), reflection profiles in the
southwestern part of the basin recorded by the Consortium
for Continental Reflection Profiling (COCORP) (Brewer
and others, 1983), and a wide-angle reflection/refraction
experiment conducted by the University of Texas at Dallas
and the University of Texas at El Paso (Chang and others,
1989; Hamilton, 1989). The long refraction line data are of
low resolution because the recording spreads were about 15
km apart. The COCORP and wide-angle studies focused
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Figure 1.
B-B’ (fig. 4) are also shown.

primarily on the Wichita uplift but provide valuable
constraints on deep structure.

The numerous gravity studies in the Anadarko basin
area establish the existence of many large (>50 mGal)
anomalies, which generally correlate with features known
from drilling and geologic mapping. Early studies include a
gravity map of the area (Logue, 1954), a gravity map of
Oklahoma (Lyons, 1964), and analysis of the gravity field
of the western part of the study area (southern High Plains)
(Shurbet, 1964). More recent work includes gravity studies
of the Amarillo uplift (Danbom, 1969; Goldstein,

G2 Evolution of Sedimentary Basins—Anadarko Basin

Major geologic features in part of study area, Oklahoma, Texas, and Kansas. Lines of gravity profiles A-A” (fig. 3) and

1982a, b), modeling of the large anomaly associated with
the Wichita uplift (Pruatt, 1975; Papesh, 1983; Coffman and
others, 1986), regional analysis of anomalies associated
with the Quachita orogenic belt (Kruger and Keller, 1986),
studies of various local features in the area (Scott, 1968;
Santiago, 1979; Barrett, 1980; Burchet and others, 1985;
Hayden, 1985; Thomson, 1986; Ferris, 1987), and modeling
the evolution of the Anadarko basin (Garner and Turcotte,
1984). A brief introduction to some of the ideas in this
report and an analysis of two detailed gravity lines across
the Meers fault are given in Robbins and others (1989).





















North of this large low, along the east edge of the map
between lat 36° and 37° N., a small high (6-8 mGal) is over
the western part of the Ozark uplift.

Several broad gravity highs (10-20+ mGal) over the
northern Oklahoma shelf or platform area are probably
caused by dense mafic igneous rocks that were intruded into
the granitic basement (Santiago, 1979; Barrett, 1980). The
Nemaha ridge between lat 35° and 37° N. is at about long
97°30” W. The ridge appears to cut across a gravity high and
a low, proceeding from south to north. The lack of apparent
gravity expression of the ridge at this regional scale
supports the argument that most of the anomalies shown on
the IRA map are caused by differences in basement
compositions.

The gravity field over the Hugoton embayment in
southwestern Kansas includes several broad highs and lows
(£15-25 mGal) that also are probably due to variations in
basement rock types because no evidence exists for
significant facies changes in the sedimentary rocks within
the embayment.

SUMMARY

Results of analysis of the isostatic residual anomaly
gravity map (plate 2) are in agreement with the prevailing
interpretation of the tectonic history of the region. Large
gravity highs associated with the Amarillo-Wichita uplift
and Muenster arch indicate high-density gabbroic and
volcanic rocks at depth, consistent with the aulacogen or
failed rift concept. Proterozoic-Cambrian rifting was
followed by a long period of gradual subsidence (about
200250 m.y.) that resulted in an elongate sedimentary
basin (southern Oklahoma trough of Perry, 1989). Starting
in the Late Mississippian and extending into the Permian, a
major period of tectonic activity may have been caused by
the collision between the North American plate and Gond-
wana or an intervening microplate (Perry, 1989). This
tectonic activity caused the rift complex to be thrust upward,
thus dividing the older southern Oklahoma trough and
creating the Amarillo-Wichita-Muenster uplift. Subsidence
and sedimentation continued north of this area of structural
inversion until some time in the Permian. Large gravity
lows are associated with each of the resulting successor
basins. The largest gravity low on the map is over a part of
the Arkoma basin that lies beneath the thrust plate of the
Ouachita Mountains, which was emplaced during this same
tectonic activity. The arcuate gravity high in the
southeastern corner of the map area probably represents the
early Paleozoic continental margin of North America.

Within the Anadarko basin and northward onto the
Oklahoma platform and extending into southern Kansas and
into the Hugoton embayment, a number of broad gravity
highs are probably associated with differences in basement
rock types and densities and (or) dense mafic igneous rocks
in the basement. One high that extends northward from the

northern edge of the Wichita uplift and trends north-
northeast through the deepest part of the Anadarko basin
into southern Kansas may represent the southern extension
of the Midcontinent gravity high.
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